This study determined the hydrogeochemical model of groundwater and groundwater domestic-agro-industrial quality in Bafoussam using hydrogeochemical tools and physicochemical parameters: Ionic ratios, Gibbs diagrams, Piper diagrams, Durov diagrams and water quality indices. From physicochemical parameters; pH ranged from, 4.47 -7.84; EC, 10 -820 µS/cm; Temperature, 
Introduction
Bafoussam situates between latitude 5.42 -5.60N and longitude 10.38 -10.48E is the capital, and largest city of the Western Region of Cameroon in the Bamboutous Mountains. Bafoussam has a maximum elevation of about 1450 m a.m.s.l, covering a surface area of about 450 km 2 . It is bordered geographically to the south by the Littoral Region, to the east by the Centre Region, to the north by the North West and Adamawa Regions and to the west by the South west region. Bafoussam is a conurbation of seven villages: Bamenzi, Banengo, Ndiangdam, Ndiangsouoh, Ndiangbou, Toukouop and Njoueng ( Figure 1 ). It has a population of over 500,000 inhabitants, with a population density of 512 people per square kilometer [1] . The climate is constantly cool and has temperatures oscillating between 15˚C -28˚C. The amount of precipitation for a year in Bafoussam is about 20,000 mm. The city does not have many rivers. Mainly, it consists of several streams with variable discharge rates, depending on the season. The main river in the study area is the River Noun, which acts as a boundary with the Kouoptamo municipality. The soil is primarily composed of alluvio-colluvial material that resulted from the weathering of igneous and volcanic rocks. As one of the largest cities in Cameroon, the main economic activity carried out in Bafoussam is agriculture. The inhabitants plant cash crops such as coffee, cocoa, oil palm, peanuts, banana and other food crops like tomatoes, beans, corn, Irish potatoes, yam, okra, cassava and cabbage. Poultry farming is also well developed here, with many poultry farmers involved in table birds and egg production.
The need to provide water of good quantity and quality to humans is of great concern as over 80% of waterborne illnesses are attributed to poor water quality [2] . This makes it important to characterize the quality of groundwater through the determination of physicochemical content of groundwater, establish a hydrogeochemical assessment in order to ensure sustainable supply of water resources and for effective habitat conservation plans in Bafoussam.
With the increasing population and creation of large scale agroindustrial farms, there will be an increased pressure on the water quantity and quality in Bafoussam. Knowledge of the hydrogeochemistry and water quality of the groundwater in Bafoussam is thus a necessity. Also, in all future planning on urbanization and development of this city, groundwater quantity and quality must be defining parameters. This study to evaluate the hydrogeochemistry, drinking and agricultural groundwater suitability is as a baseline to provide a major tool for management and protection of the groundwater resources in Bafoussam.
Geologic Setting of the Study Area
Bafoussam in west region of Cameroon is a contact zone of the Central African Orogenic Belt, located along the southern extension of the Central Cameroon Shear Zone and the Cameroon Volcanic Line. It is dominated by granitoids which belong to the Pan-African syn-to post-collisional post-650 Ma group [3] .
Syenogranites are predominant with alkali-feldspar granite, monzogranite, quartz-monzonite and quartz-monzodiorite. Four granitoid suites, biotite granitoids and deformed biotite granitoids with amphibole, megafeldspar granitoids with megacrysts and two-mica granitoids with primary muscovite and igneous garnet are distinguished. The granites can be assigned to high-K calc-alkalic to shoshonitic series. The partly shoshonitic biotite granitoids are metaluminous to weakly peraluminous and can be labelled as a highly fractionated I-type suite.
The megafeldspar granitoids are weakly peraluminous with I-type character whereas the two-mica granitoids are weakly to strongly peraluminous and belong to an S-type suite [3] . The CVL is responsible for the vast igneous rock formations found in Bafoussam and the shearing caused by the CCSZ and the displacement of the Cameroon neoproterozoic orogenic belt is the main driving force that led to the deformation of the rocks.
Neoproteroizoic Orogenic belt is the main driving force that led to the defor- Granitoid rocks are also abundant in the study area where they occur dominantly on hill slopes or along river cuts in the northwestern parts of the city.
Two types are observed in this area; the biotite granitoids and mega feldspar granitoids ( Figure 2) . Some of these granitoids show preferred mineral alignment, indicating that they had undergone some deformation after their formation. Columnar basalts occur extensively in the area and are extracted for construction purposes in Figure 3 . A 3-D model of the fractured-rock aquiferous formations in Bafoussam from the field geological survey is shown in Figure 4 .
Materials and Methods

Materials
The field materials and equipment used in the study are listed in Table 1 . The equipment were calibrated and used according to manufacturer's specifications.
Methods
A reconnaissance survey was carried out to identify wells, springs and streams in February 2018 [4] . 119 dug wells were measured/tested insitu for: coordinates of wells, Surface elevation, static water level, wells depths, well diameter, Electrical conductivity (EC), pH, Total dissolved solids (TDS) and Temperature (˚C). Twenty three (23) groundwater samples were collected in high density polyethylene (HPDE) 500 ml bottles sealed and sent to the laboratory based on sampling protocols [5] [6] and using standard methods [7] , to analyze for: Ionic ratio of indicative elements is a useful hydrogeochemical tool to identify source rock of ions and formation contribution to solute hydrogeochemistry [8] .
These were used in this study. Ca Mg Na K PI
Water Quality Index
percent sodium %Na, Kelly's ratio KR and Residual sodium carbonate RSC and
Wilcox diagram ( Table 2 ).
The following softwares; Surfer 12, Global mapper 11 and AqQA 1.5 AGIS 10.3 were used for data presentation, interpretation and analysis.
Results and Interpretation
Physicochemical Parameters
The physicochemical parameters of groundwater for 119 wells in Bafoussam assessed are; EC, Temperature, pH, and TDS (Table 3) . This indicates dug wells construction is relatively inexpensive and the technology available; a reason for the abundance of dug wells in Bafoussam. However these same reasons make the phreatic aquiferous formations vulnerable to pollution since some dug wells are poorly constructed.
Water Level Fluctuations
Groundwater Flow Contours
Groundwater in Bafoussam flows from the central highest points at Talenga radiating outwards to the surrounding low lying areas; Tchouwong, Tamja, Depot G. and Ngouache in consonance with the topography: Piston flow ( Figure 6 ).
Temperature
Temperature values of Bafoussam groundwater ranged from 22.3˚C -29.5˚C
( Figure 7 ). These temperatures are just a few degrees below the air temperatures typical of phreatic aquifers. Figure 5 . Spatial variation of depth to static water level; note low water levels at Bamenzi, Talenga and Nkoptchou while high value are at Admimistratif, Tchichap Tougang, Tyoville, Tchouwong and Djeleng.
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pH
The pH value of most of the groundwater samples in the study area ranged from 4.47 -7.84 ( Figure 8 ). This indicates groundwater in study area is slightly acidic to per-alkaline in nature.
Electrical Conductivity
The EC of the groundwater varies from 10 -820 µS/cm ( Figure 9 ). These are low values indicating fresh groundwater.
Total Dissolved Solids
The total dissolved solids values ranged from 6.7 -549. 
Chemical Parameters of Groundwater
The results of chemical analysis of major ions; the values of streams, rivers and groundwater are similar indicating connectivity typical of recharge zones in phreatic aquifers (Table 4 ; Figure 11 ). The major ions fall below WHO acceptable limits [22] . Sulfate indices indicate no oxidation of sulfides and no dedolomitization. Ca is sourced from gypsum while Na is sourced from halite-albite and ion exchange. Mg is contributed by dolomite dissolution, calcite precipitation or saltwater. There is no plagioclase weathering. 
Dominant Hydrogeochemical Processes in Bafoussam
Groundwater From the Gibbs diagram, all groundwater samples in the study area plot in the rock-weathering dominance field (Figure 12 ). Figure 11 . Spatial variations of ionic concentrations of major cations and anions in Bafoussam groundwater: The distribution of the major ionic concentrations reflects the underlying geology of the area.
Groundwater Types
The diamond field of piper diagram is divided into seven fields classifying water types and designated with alphabets from A to G [9] [22] . Using this classification, the water from the study area is distinguished into the A, B, and C categories. The D, E, F, and G water types are absent. Category A, 8 samples 34.78%; characterized by normal earth alkaline water with prevailing bicarbonate. Journal of Water Resource and Protection Figure 12 . Gibbs diagram indicating the mechanism contributing groundwater constituents in the study area is rock-weathering [9] .
Category B, 6 samples 26.09% are characterized by normal earth alkaline water with prevailing sulfate or chloride and Category C, 9 samples 39.13% are characterized by alkaline earth water with increased portions of alkalis with prevailing bicarbonate (Table 6 ). The water types of Bafoussam groundwater are Ca-Cl and Ca-HCO 3 (Table 6, Figure 13 ). and field (III) ( Table 7) .
Hydrogeochemical Facies
Durov Diagram
Based on the Lloyd and Heathcoat classification [13] (Table 8) . 
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Water Quality
Domestic Water Quality
Ionic content of water in the study area was used to evaluate groundwater suitability for domestic use: The recommended values are of the WHO guidelines [22] .
Total Hardness
The total hardness of groundwater samples ranged from 67.88 -339.01 mg/L CaCO 3 ( Figure 15 ). 13.04% of groundwater in the study area can be classified as soft, 73.92% fell into the moderately hard category and 13.04% is hard water that may be a potential health risk factor ( Table 9 ). The WHO guideline value of hardness for domestic use is 600 mg/l CaCO 3 , implying that the water suitable for drinking. 
Water Quality Index (WQI)
Water Quality Index (WQI) considered the most effective tool to convey the water quality information in the simplest form to the public [25] The WQI values ranged from 0 -42.09 ( Figure 16 ). All groundwater samples in the study area R. A. Akoachere et al. (Table 10) .
Water Quality for Irrigational Use
The important parameters which determine the irrigation water quality of the study area are discussed below.
Percent Sodium
The 
Sodium Adsorption Ratio SAR and EC
The degree to which the irrigation water tends to enter into cation exchange reactions in the soil can be indicated by the sodium adsorption ratio [26] . SAR values ranged from 0.01 -0.05 ( Figure 19 ). (Table 11) , and the all samples were good to excellent.
Permeability Index
The classification of irrigation waters has been attempted on the basis of permeability Index [20] . The PI values ranged from 1.05 -67.98 ( Figure 21 ). The groundwater samples of the study area fell in class-I and II. The groundwater samples of the study area are of good quality for irrigation ( Figure 22 ).
Magnesium Adsorption Ratio
Magnesium adsorption ratio values ranged from 2.89 -55.28 ( Figure 23 ). Magnesium Ratio adsorption less than 50% it is considered as suitable for irrigation purpose. In the study area, almost all the groundwater samples are suitable for irrigation but for Djeleng.
Residual Sodium Carbonate
The RSC values ranged from −5.23 to −0.44 ( Figure 24 ). RSC values < 1.25 mg/l are considered as safe for irrigation while those from 1.25 mg/L to 2.5 mg/L are Figure 21 . FAO classification of groundwater for irrigation indicating that the water is suitable for irrigation in the as the samples plot in class I and class II fields. 
Discussion
Groundwater contours are concentric around areas of high elevation and mimic the surface topography; indicative of topography controlled piston flow in a phreatic aquiferous formation. The pH, electrical conductivity, total dissolved solids and temperature values of water samples are below guideline acceptable limits and variable with seasons indicative of phreatic aquifers [22] .
RSC, SAR, SSP, MAR, PI and KR indicating the suitability of groundwater samples for irrigation is Excellent-to-Good in almost all cases. By these indices the groundwater quality of Bafoussam has been assessed for its agro-industrial suitability, found to neither be able to cause salinity hazards nor have an adverse effect on the soil properties and is thus suitable for irrigational purposes.
Conclusions
The sequence of the abundance of the major cations is Ca > Mg > K > Na > NH 4 ; and anions are HCO 3 Source rocks of ions in groundwater are the basalts and granitoids and these formations contribute overwhelmingly to the solute hydrogeochemistry.
The relationship between water composition and the main hydrogeochemical processes for ions acquisition is rock weathering.
Ca-HCO 3 , MgHCO 3 and Ca-Cl are the water types and Ca-Mg-Cl-SO 4 and Ca-Mg-HCO 3 hydrogeochemical facies.
Precipitation recharge and ion exchange are the hydrogeochemical processes determining the character of the groundwater.
Ionic ratio values for nitrate and sulfate are very low as such there are no serious anthropogenic contribution and no oxidation of sulphides.
The inorganic content of the groundwater in the granito-basaltic aquiferous formations in Bafoussam is of excellent to good quality for domestic use and suitable for agro-industrial purposes.
Recharge from precipitation exchanges ions with the weathered country rocks and mixes with regional flow in a generally south east north westerly direction by piston flow in the granito-basaltic aquiferous formations in Bafoussam.
There is a need for more detailed studies to determine aquifer characteristics: permeability, transmissivity and storativity, vertical and lateral regional extent of aquifer boundaries in this aquifer, groundwater pollution potentials for biological, organic and trace metals.
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